When the doubly-labeled water (DLW) method is used to measure total daily energy expenditure 3 (TDEE), isotope measurements are typically performed using isotope ratio mass spectrometry 4 (IRMS). New technologies, such as off-axis integrated cavity output spectroscopy (OA-ICOS) 5 provide comparable isotopic measurements of standard waters and human urine samples, but the 6 accuracy of carbon dioxide production (VCO 2 ) determined with OA-ICOS has not been 7 demonstrated. We compared simultaneous measurement VCO 2 obtained using whole-room 8 indirect calorimetry (IC) with DLW-based measurements from IRMS and OA-ICOS. 17 subjects 9 (10 female; 22 to 63 yrs.) were studied for 7 consecutive days in the IC. Subjects consumed a 10 dose of 0.25 g H 2 18 O (98% APE) and 0.14 g 2 H 2 O (99.8% APE) per kg of total body water, and 11 urine samples were obtained on days 1 and 8 to measure average daily CO 2 production (VCO 2 ) 12 using OA-ICOS and IRMS. VCO 2 was calculated using both the plateau and intercept methods.
INTRODUCTION

51
The other commercially-available form of laser absorption spectroscopy for water isotopes, OA-52 ICOS, uses a laser light source that is coupled to an optical cavity in an off-axis fashion. The 53 laser light wavelength is scanned over absorption features of interest, providing a direct 54 measurement of the absorbing substances in the gas mixture (1) . As with IRMS and CRDS, OA-
55
ICOS also suffers from memory issues between adjacent samples. However, because the time to 56 measure each sample (100 seconds) with OA-ICOS is relatively short and requires only a small 57 volume of sample per injection (~1000 nL), memory issues can be circumvented using a higher 58 number of injections per sample, negating the need to perform mathematical corrections. We 59 have previously shown this approach to be accurate and precise when compared to IRMS for 60 both measuring isotopic measurements of pure water and of human urine samples at both 61 enriched and natural abundances (1) (2) (3) . However, the accuracy and precision of measuring daily 62 carbon dioxide production (VCO 2 ) using the DLW method with samples measured using OA-
63
ICOS by comparison to whole room indirect calorimetry has not yet been determined. Thus, the 64 purpose of this study was to compare measurement of daily carbon dioxide production (VCO 2 ) and extrapolating to 24 h values. The accuracy and precision of the system was tested monthly 115 using propane combustion tests. The average O 2 and CO 2 recoveries during the study were 116 ≥97.0%. While this study was being performed, we also performed several tests using infusions 117 of nitrogen and CO 2 using high precision mass flow controllers, and those tests yielded an 118 accuracy of the IC within 1% of the expected values (unpublished).
120
OA-ICOS analysis of urine samples -Previously frozen urine samples were prepared by 121 centrifugation, as previously described (3); no distillation or decolorizing steps were undertaken.
122
The OA-ICOS instrument was calibrated using deionized working standards that had been 123 previously calibrated by OA-ICOS against the VSMOW2 and SLAP2 international standards, as 124 previously described (1, 3 Isotopic data from the OA-ICOS analyzer were processed using commercially-available Post
143
Analysis Software (LGR, version 3.1.0.9) as previously described (1, 2 19 subjects participated in the study. One subject withdrew after one day in the calorimeter.
221
Due to technical issues, two days of data were lost on another subject, and this subject was 222 excluded from the analysis. Thus, the final study sample consisted of 17 participants (Table 1) . and N O were similar (Table 3) , and the average dilution space ratios were close to the empirically 235 derived value in adult humans of 1.031 (15). does not cross zero). However, the size of the 95% CIs around the percent error were similar for 13.9 L/day) compared to IC, but not for OA-ICOS (+11.7 L/day, 95% CI = -5.1 to +28.5 L/day).
280
The Bland-Altman correlations between average VCO 2 from IC and both IRMS and OA-ICOS
281
were not significant indicting no bias with absolute level of EE. also non-significant with both OA-ICOS and IRMS. Although we did not measure energy intake
353
(subjects consumed an ad libitum diet), our subjects were weight stable throughout the 7 day 354 study (-0.5 ± 0.8 kg, mean ± SD), suggesting that individual differences in average 24 hr RQ 355 reflected differences in habitual energy macronutrient intake rather than energy balance. Under do not support the conclusion that VCO 2 from the DLW method is overestimated during a high-360 fat diet, but we concede that this can only be determined during studies in which energy and 361 macronutrient intake is highly controlled.
363
Strengths and limitations:
A strength of the current study is the sample size, which is larger 364 (N=17) than previous validation studies performed using near continuous measurements of 365 respiratory gas exchange (N<10) (5, 8, 15, 17, 18, 24) . A limitation of the current study, as in all 366 validation studies, is the validity of the criterion measure (IC). However, as described in the expected values using gas infusion and propane combustion tests. 
